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Crop phenologv is fundamental for understanding crop growt.ls and development, and increasingly infirm
ences many agricultural •1agw>e06 practices, Water deficits are one environmental factor that can
influence crop phenology through shortening or ier.gthening the developmental phase, yet the phenolory
ical responses to water deficits have rarely been quantified, The objective of this paper is to provide an
overview of a decision support technology software tool, PlsenologyMMS Vi.2, developed to simulate
the phenology of various crops for varying levels of soil water, The program is intended to be simple
to use, requires msnimai information for calibration. and can be incorporated into other crop simulation
models, It consists of a Java interface connected to FORTRAN science modules to simulate phenological
responses, The complete developmental sequence of the shoot apex correlated with phenological events,
and the response to soil water availability fur wintet and spring wheat (Tr’iticum aestivum Li, winter and
prrng barley Hordeum ulgare I corn Zs a mat. I sr I urn Sot Lhu t hit olot L) proso millet Pcmic,im

miloceum L), hay/foxtail millet [Seiaria ttalica (I,. R ffeauv,l, and sunflower lHelianrhus minus L.)were cre-
,ited based on experimental data and the literature. Model evaluation consisted of testing algorithms
using “generic” default phenology parameters for wheat i.e., no calibration for specific cultivarn was
usedj for a variety of field experiments to predict dewloptinental events. Results demonstrated that
[no program has general appiicab:ltty for pied:ciing cup phonology and cats asd tm crop- management,
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• No stress refers to non-limiting conditions of an environmental
factor, and we usually consider the environmental factor to be
sod water availability This option should be selected for rn
gated or high rainfall conditions.

• stress refers Eo the most limiting value of the environmental fac

tor nor leadine to terminal stress we, death of the plant. This

op don .s. hould be selected for most rainfed situations where soil
water is often severely limiti ag, hut not lethal, Because condi
dons are often between the No stress and Stress options, either
the user can estimate which option is closest to the conditions
to be simulated and select that option, or change the default
values of one of the options to he intermediate between the
two extrem.es.
Within both the No stress and Stress options, two related esti
mates of thermal time (i.e., growing degreeWays, GOD, or num
ber of leaves produced between developmental events, NI) can
he selected. Number of leaves for an inte.rval is multiplied by
the phyllochron (the thermal time between appeara.nce of sue
cess•ive leaves, “C. to convert to thermal time. This
approach is based’ on predicting olant development by integrat
ins it with the main stem ieaf Is-n mher (Riekman and Kleooee
I (‘(9.2 :eMaster, 2(922
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23. PhenoloMMS FORTRAN proeeas-boserl science modules

The Java interface described Wove is used to input the param
et.ers and drivers (e.g., sveather( used lay the separate process-
based science naodules coded in FORTRAN. A detailed description
of the process-based science modules is provided in McMaster
et al, (Submitted for publication), and only a brief description is
provided here. The modules are primarily based on:

I,. Simplifying an earlier and more detailed phenology model for
wheat and barley (S000TGRO, Ms Master etal:,. 1992h; Zalud

al. 2003), and
2, Summarizing and quantifying the entire developmental
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tivars see re grown in a drverstv ol envrnnnsents, and pionnng
date. and managemen.t pracnces varied con.sierablv. Because
tile data sets contained diverse cultivars and conditions, the de
fault parameters for a generi.c winter or spring wheat cultn-ar were
used in all simulations, with the exception that planting date was
changed to the actual planting date. This evaluation would be typ
ical for users that have little information or do not wish to get ir.to

a greater level of detail in running the program..
The fol.low‘.ng cia a .sets. we.re used . for .evaluat.i.ng winter and.

spring wheat phenology: (1) a 2-year irrigation study for 12 culti
vars at Fort Collins, CO and Akron, CO (McMaster et al,, 2003a,h);

a 6—year tillage by residue cover study at Fort Collins, CO
McMnster et al,, 2002b); (0 a 2-year planting date by heated soil

study at Fort Collins, CO (McMaster et ad, 20USd); (4) a 21 site—year
study ,scross the Great Plains, USA for a variety of cultivars, envi
ronments ,a nd management MoMaster and Smtka. 1988: and
5 a h—year study examining spatial variation to phenologv across

a landscape about 15 miles 01st of Fort Collins CO : unpublished
data;-. Combining all experiments, over 75 cultivars were measured
at regular intervals ofteu three days per week for when the devel—
upmeiitaL stages of seedling emergence. Jointing, flag leaf blade
growth complete, heading, anthesis. and physiological maturity oc
curred in each experiment.

Relative error RE’: and root ntean square error RMSE model
evaluation statrstics were calculated to compare modeled results
to measured data. Reians-e error as exoresseil in ercerir as:
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where P is the predicted mean and ci is the observed mean. The
RMSE was calculated by:

I7 p•. --

where A is the ith predict.ed value, Efi is the ith observed value, and n
is tte number of data pairs. In some e.g pen nents, such as those that
evaluated tillage and residue cover practices, treatment effects re
suIted in different observed dates for seine developmental events
:Olthooigh: the mechanrsms explaining the differenc.es were not
olearfi PhenoiogyMMS simulated din same day for the developrnen—

stage- iscardless of treatnsenr.
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4. Summary and future work
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regioru Planned PhenologyMMs enhancements based on feedback
mm users and evaluation results nelode: 1, 1) adding and validaP
OP more crnp, 2 including more approacries For estimating the

ma! time -i.e., more temperature response tuncrions, 3 adding
vernalization and photupenod actor submodels, 4) providing
inure variety choices, 5 enhancing the niormation system, and
6: having inure hstorcal weather data included with the software

and provide options to change weather data for different possible
environmental scenarios e.g.. hot and dry, cool and Wet, etc.. To
better quantify phenological responses to carving water deficits,
PhenologvMMS is also being integrated into an existing crop
:-irowtl model that has -a mechanistic water balance submodel.
The ultulate goal is to ncoi potato simple water balance sub—

code! totc PhenologyMMs so that the default garamerers crc ad

usted for water deficits between the two extremes,
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